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^iupci ties, Jiigh modulus, and sheet iutagiiiy during iiic 
FIBER REINFORCED MULTI-PLY STAMP ABLE preheat and transfer stages of the rapid stamping cycle. 

THERMOPLASTIC SHEET A substantial amount of glass mat is needed not only 

BACKGROUND OF THE INVENTION t0 yield sood mechanicaI strength properties in the final 

5 stamped part, but also to retain sheet integrity during 

It is known that many thermoplastic polymers can be the preheat and transfer stages f the rapid stamping 

formed into shaped objects by various sheet metal form- process. However, high concentration of glass mat of 

ing techniques such as deep drawing, stretch forming, quantity needed to provide the necessary mechanical 

stamping, forging, cold extrusion, etc. These forming strength and to retain the integrity of the sheet when it 
processes are economical^ very attractive because it is 10 is heated tends to produce a poor surface Finish on the 

possible to achieve rapid production rates, e.g., rates flnal stamped part For application such as automotive 

that exceed one item a minute or even faster. exterior ^ (fend hoods) ^ance h m f 

Unfortunately, reinforced thermoplastic parts pre- ^ compon e n t S) etc., a smoott, imperfection-free 

pared by these processes ^tend to exhibit poor surface surface is m F andatory , P 

charactenstics such that they are unacceptable for large 15 Prjor att ts to remed ^ w f h 

automotive extenor surfaces. In order to overcome above n0ted u<& Pat N * 3^ and copending 

these deficiencies, sheets and processes such as those nr mii^ rt « «*, w rt «Amo LJ' i a ♦ , cu P cn ° m S 

disclosed in U.S. Pat. No. 3,684,645 and copending T £ « 564,019, have led to sheet, which 

application Ser. No. 564,019, filed Apr. 1, mSS ^fPf^ly smooth, fails to pass the visual in- 
US. Pat. No. 4,044,188, entitled Stampable TtaSI 20 ^ tl0n K tes * » "J* finished P«P" P«ts are nor- 

plastic Sheet Reinforced with Multilength Fiber, were ^ ^ te f u ,n *j e a * om ? tlv , e '"dustry. One such 

developed test 1S 10 view the reflect "> n of a fluorescent light in the 

Generally in this art, a thermoplastic sheet, rein- paint ^ t0 ^termine if the surface is wavy, albeit 

forced with a glass mat type of reinforcement is pre- sm0 ° , If u the * urfa( ; e 18 wavy ' the I** ,s re J ected - Also > 
heated in an oven to above the softening point of the 25 f pobI f m has be f n [ ound Wlth "show-through" of the 

resin. The heated blank is transferred to the matched loi ? s J™ mat whlch 18 a S am a test applied to the 

metal dies of a stamping press, and stamped in a modi- P ainted P art 

fied mechanical or rapid-closing hydraulic press or the SUMMARY OF THE INVENTION 
like. The formed part is then removed or ejected from 

the matched dies. The residence time in the mold is 30 In accordance with the invention we have discovered 

20-80 seconds or less. The forming process can be sepa- certain novel sheet compositions and method of making 

rated into the following distinct stages. such sheet compositions which are reinforced with 

1. Preheat of sheet or blank. S lass flbers of at least two different forms. These sheets 

2. Transfer to the rapid-stamping press. ^ve the advantage of relative ease of fabrication, can 

3. Stamping under pressure for a predetermined time. 35 readily formed in a stamping process and yield prod- 

4. Removal or ejection from the press. ^ te of superior surface quality and mechanical proper- 
In stage 1, the composite sheet or blank is heated in a ti . es - In particular, the compositions of this invention 

radiant, dielectric, infrared, convection, or vacuum products whose properties are uniform on a mi- 
oven or combination of ovens or similar heating source cro-scale because of improved dispersion of a major 
to a temperature above the melting point but below the 40 portion of the fibrous reinforcement phase. The compo- 
decomposition point of the thermoplastic resin compo- sitions also possess more uniform properties in finished 
nent of the blank. parts because of a decreased probability of glass fiber- 

In stage 2, the hot blank is transferred to a mold resin separation or "bridging" across small holes, de- 
placed in a stamping press, wherein the mold or set of pressions, corners, radii, etc. The compositions herein 
dies can impart the desired configuration of the final 45 described also possess a highly improved surface quality 
product to the sheet or blank. The mold is maintained at because of (a) the orientation of short fibers in the plane 
a temperature between room temperature (23° C) and of the sheet, (b) the encasement of the glass mat in a 
approximately 160° C. or more, depending on the poly- thermoplastic resin matrix, and (c) the resultant reduced 
mer constituent of the sheet and upon the desired stamp- prominence of glass mat fiber strands at the surface of 
ing characteristics. 50 the sheet composition. 

In stage 3, the press is rapidly closed for a period of Specifically, the present invention contemplates a 

time sufficient to cause the blank to conform to the smooth surfaced thermoplastic composite laminated 

exact shape of the mold and to cool and/or crystallize sheet being essentially free of surface waveyness and 

sufficiently to allow part removal without distortion. long glass show-through, comprising, in terms of per- 

In stage 4, the molded article is removed from the 55 cent by weight of each layer (a) at least one layer corn- 
mold, prising from about 40 to 70%, preferably 45 to 65% of 

It will be recognized that stamping parameters such a synthetic thermoplastic polymer, about 0 to 50%, 

as pressure requirements, residence time in the mold, preferably 10 to 30% of a particulate filler, and 0 to 

preheat temperature, mold temperature, etc., are depen- 35%, preferably 5 to 25% short glass fibers arranged 

dent upon the sheet composition, thickness, part com- 60 generally parallel to the plane of the sheet surface, (b) a 

plexity, etc. reinforcing layer adjoining said one layer comprising 60 

Glass mat reinforced sheets of this kind as provided to 95%, preferably 60 to 85% of synthetic thermoplastic 

heretofore also suffer from certain disadvantages. Spe- polymer, a long glass fiber mat having a weight ranging 

cifically, the following deficiencies have been encoun- from 5 to 40%, preferably 15 to 40%, and particulate 

tered in prior art compositions: 65 fillers ranging from 0 to 40%, said mat being substan- 

Surface Finish: Prior art compositions usually contain tially encased in a matrix of the thermoplastic polymer, 

30 to 50% by weight of glass mat. Such an amount is said reinforcing layer being essentially free of short 

required in order to impart high mechanical strength glass fibers. 
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Also, in accordance with this invention, a poxtw is 
provided comprising the steps of (a) blending and ex- 
truding a first sheet layer comprising from about 40 to 
70% of thermoplastic resin, about 0 to 50% of a particu- 
late filler and 0 to 35% short glass fibers arranged in a 5 
plane generally parallel to the sheet surface, (b) polish- 
ing same in a polished and gauged roll stack, (c) blend- 
ing and extruding a second sheet layer comprising from 
about 60 to 95% of synthetic thermoplastic resin and 
from 0 to 40% particulate filler, but being essentially 10 
free of glass fibers, (d) feeding said first sheet, said sec- 
ond sheet and a long fiber glass mat into the nip of a set 
of laminating rolls while the polymer of the second 
sheet is still in a molten condition, the clearance be- 
tween the rolls being substantially less than the thick- 15 
ness of the sheets and glass mat being fed to the nip of 
said rolls, whereby the long glass mat is impregnated 
into said second sheet and said first and second sheets 
are laminated into a smooth multi-ply product 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates schematically a system for produc- 
ing the composite sheets of this invention. 

FIG. 2 illustrates a stamping press for sheets of this 
invention. 25 

FIG. 3 illustrates a schematic cross section of a com- 
posite sheet of this invention. 

FIG. 4 illustrates an alternate construction. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



30 



Referring to the drawings, a first extruder 11 receives 
a mixture of thermoplastic resin such as nylon, short 
glass and particulate filler and extrudes same through a 
die into a filled sheet 13 which is polished and gauged in 35 
a polishing stack 14. A similar thermoplastic sheet 15 is 
produced from extruder 16 through polishing stack 17. 
A third extruder 19 feeds a thermoplastic sheet 20 into 
laminating rolls 21 simultaneously with sheets 13 and 
15, and long glass mat or mats 23 which are fed from 40 
roll or rolls 24. It is important that the sheet 20 be in a 
molten condition at the point where the sheets converge 
on the rolls 21 and that the sheets 13 and 15 be substan- 
tially below the melting point of the polymer so that the 
force of the rolls 21 forces the glass mat or mats 23 into 45 
the molten sheet 20 and not into sheets 13 or 15. In this 
manner, the long glass reinforcing mat becomes sub- 
stantially encased in the sheet 20 and does not effect 
surface qualities of sheets 13 and 15 when they are lami- 
nated together. The sheet is subsequently cut with cut- 50 
ter mechanism 26 on conveyor 27 and fed to stacking 
table 28. 

An important feature of this embodiment of the 
method is the processing conditions at the roll stack 21. 

The clearance between rolls 21a and 216 is substan- 55 
tially less than the combined thickness of the four com- 
ponents 13, 15, 20 and 23. (Thickness of mat 23 is mea- 
sured under little or no compression.) This is necessary 
to effect: an impregnation of mat 23 into sheet 20, and 
(b) lamination of the resulting product to sheets 13 and 60 
15. 

The temperature of the sheet 20 should be substan- 
tially above (at least 30* C. above) the thermoplastic 
melting point to provide adequate residual heat to allow 
for cooling of sheet 20 between the extruder die 30 and 65 
the roll stack 21 and allow the glass mat to be uniformly 
impregnated therein. Preferably, the sheet is 50° to 100° 
C, above the polymer melting point at the point of 



cc jm i £uice Iviwcco o>i** li(o). .Jteatusg the 

sheet to a higher temperature in the extruder may cause 
degradation of the polymer and results in excessive 
energy consumption. Lower temperatures result in in- 
adequate impregnation of the mat 23 in sheet 20, includ- 
ing inadequate flow of the polymer into the interstices 
of the glass mat, inadequate bonding of sheets 13 and 15 
to sheet 20, and inadequate binding of the fibers to the 
polymer resulting in poor physical properties in the 
final product. 

For the same reasons, the pressure applied by rolls 
21(a) and 21(b) should range from 150 to 400 pounds per 
linear inch to ensure adequate bonding of the layers and 
impregnation of the glass mat 23 into sheet 20. Higher 
pressures require much sturdier equipment. For exam- 
ple, rolls 21a and 216 would need larger diameter, 
heavier walls and bearings of greater load bearing ca- 
pacity to prevent excessive deflection of rolls 21a and 
216. Excessive deflection of rolls 21a and 21b can result 
in non-uniform impregnation of glass mat 23 into sheet 
20, non-uniform bonding of sheets 13 and 15 to sheet 20, 
non-uniform surface appearance, and non-uniform 
thickness of sheet 25. 

Sheet 13 after leaving polishing stack 14 contacts roll 
21d and then roll 21a. Sheet 15, after leaving polishing 
stack 17 contacts roll 21c and then roll 21b. Rolls 21c 
and 21a* are maintained at a temperature close to but 
below the polymer melting point, preferably 5 a to 40° 
C. below the polymer melting point. Rolls 21a and 216 
are maintained at a temperature 10° to 70° C. below the 
polymer melting point. The temperatures of rolls 21a, 
216, 21c and 21d and infrared heaters 30a, 306 are ad- 
justed so that the temperature of sheets 13 and 15 is high 
enough to achieve strong bonding of sheets 13 and 15 to 
sheet 20, but not so high as to result in sticking of sheet 
13 to roll 21a* or 21c or of sheet 15 to roll 21a or 216 or 
in degradation of the surface quality of sheet 25. 

Cooling rolls, such as rolls 29a and 296, can be used to 
quickly lower the temperature of laminate 25 suffi- 
ciently for easy cutting on cutter mechanism 26. 

An alternate, less preferred embodiment, would have 
the glass mat 23 impregnated into sheet 20 in a separate 
operation with subsequent lamination to sheets 13 and 
15 in a laminating process where the layers are bonded 
under heat and pressure or during the heating and 
stamping operation where different laminates could be 
assembled depending on the part to be produced. An 
example of the latter method is shown in FIG. 2. A 
sandwich built from layers 13, 15 and a sheet 20 impreg- 
nated with mat 23 is heated in oven 34. This heating step 
serves to condition the sheets for stamping in press 36 
and also to effect a slight bond between the layer inter- 
faces. The subsequent pressure in press 36 has the effect 
of simultaneously laminating the layers and forming the 
resulting composite into a part. 

The composite sheet produced is illustrated in FIG. 
3. It comprises: (a) one or more surface layers contain-^ 
ing 45 to 65% polymer, 5 to' 25% of well dispersed 
randomly 'oriented, short glass fibers arid 10 to30% 
particulate filler, (b) a reinforcing layer consisting' es- 
sentially of a 15 to 40% of long glass reinforcing -mat 
encased in a thermoplastic polymer matrix such that * 
there is essentially no migration of the long glass fibers 
to the surface layer 13 and no migration of the short 
glass fibers to the reinforcing layer 20. - 

The stampable composite sheet may have one or two 
defect-free surfaces as shown in the attached drawings. 
The short, well dispersed fibers 38 are randomly but 
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pio<Jo)i.iJL>iiiiy tvvo-drfuesfcionaiiy oi touted in the plane i Ins individual #2j$3 strands in iJio aiat are comprised 

of the sheets 10 and 12. That is, more than 50% of the of about 2 to 400, preferably 5 to 120, filaments per 

fibers are aligned substantially parallel to the plane of strand. Each filament is about 0.00030 to about 0.001 

the sheet. Such orientation of the short fibers is easily inch, preferably 0.00035 to 0.00085 inch in diameter, 
achieved in extrusion, rolling, drawing or similar orien- 5 The glass mat comprising the reinforcing phase may 

tation-inducing processes, and is preferably for pur- have a weight of from 0.3 to 10 ounces per square foot, 

poses of this invention in achieving smooth surfaced Glass mat is readily distinguishable from other forms 

sheets. of fibrous reinforcement because of the random, web- 

The thickness of the surface sheet blank should be at life or swirl arrangement of the fibers. Glass mat is also 
least 30 mils. A thinner surface sheet will permit the 10 readily distinguishable from the short chopped fiber 

pattern of the reinforcing mat 23 of zone 2 to be visible reinforcement which comprises a third discrete and 

on the surface of the composite sheet 25. The minimum critical aspect of the composite sheet, 

thickness of sheet 20 is determined by the need to im- ^ht short glass fiber reinforcement of the third phase 

pregnate glass fiber mat 23 and is about 20 mils per is at ieast about 001 incn in length in the final product, 
ounce/square foot of glass fiber mat. If thickness of 15 These short lengths of fibrous reinforcement are ob- 

sheet 20 is less than about 20 mils for each ounce per tained because of the characteristics of the processing 

square foot of glass fiber mat 23 then glass fiber mat 23 apparatus used to compound or blend this reinforce- 

is likely to be non-uniformly impregnated into sheet 20 m . ent with tne thermoplastic resin. For example, if fibers 

and composite sheet 25 is likely to have non-uniform * inch or Ion e er are placed in the feed hopper of a single 
properties. 20 SCR ; W extruder along with the resin, the fibers will 

The thermoplastic polymers which can be used in ordinarily be broken down into lengths shorter than the 

forming the sheet compositions which may be stamped °rig mal i inch starting length because of abrasion, 

into shaped objects in accordance with the methods of shear * t ur & ulence » and mechanical work performed 

the present invention include the various thermoplastic J 1 * 5011 ™ fibere * Lon S er lengths (e.g., means lengths 
materials normally used in injection molding, extrusion, 25 ^ nger f han 0 010 Inch in a ma j° r P ortion of the short 

vacuum forming, blow molding, fiber spinning, or simi- flber r™™™™^) m *y be retained by minimizing the 

lar thermoplastic processing techniques. ? m< T °f **** or m< * hanical breakdown of fiber 

Suitable thermoplastic resinous materials which may ength ; ^ so ™. sacn ?f homogeneity or pro- 
be utilized in making the composite laminate of the „ f°nged processing times although lengths greater than 3 
invention include, for example, the alkenyl aromatic 30 mch a ' e DOt d f s ' raWe ^ ^ ° bjeC ' of J hlS mvention 

resins typified by polystyrene, styrene copolymers, Z/wS 

blends and graft copolymers of styrene and rubber and f , ^^^J^^ Me " d "P™ manufaC ' 

theli^ eSo^^^^ 

™y Ichlonde or vmyhdene chlonde copolymers (sa- 35 M may be added tQ ^ nip of agita y ting 

Particularly desirable J* n ^ in such compo- fi^^ 

sitions are the polyamides, that «, polymers having tary reinforcing material may be fed S^S£^ 

regularly recurring amide groups as an integral part of extruder in th * form of y Qr rQvi £ 

the mamcham Po^^ flber , hs WQuld b / obtained b g t ' he n SaS3 

sanon product of hexamethylene diamine and ad.pic ^ rformed b the mixi J^n 

S^Kacid) and nylon 6 (the polymenzahon product of e- GJas £ £ bers M us J foT ^ nfo J e ™™*i 

^nZmMest nvirf 3 " * treated or coated with a sSing 

two polyanndes or nylons. composition. Standard sizing agents usually consist of 

Polyolefins may also be emp oyed, including polyeh- 45 several components, each of which possesses a distinct 

ylene , polypropylene.polymethylpentene and copoly- function . For example( a binder 0f ^ former giyes ^ 

i i u ^-^ ^ , glass fiber strand integrity for workability and prevents 

Additional polymers which can be utdized include fu22 j n g and aids in distribution of the sizi a 

polyurethane resins, polysuifone resins, polycarbonate lubricant prevents destruction of the strand by abrasion 

resins ;and linear polyester resins such as polyethylene 50 of the individual filaments against each other and 

terephtnalate and polybutylene terephtnalate; cellulose agains t fiber handling equipment; a coupling agent as- 

ester resins such as cellulose acetate, and cellulose pro- sist s in obtaining greater abrasion between the glass 

pionate; ha ogenated olefins and polyacetal resins. fibers and the polymeric resin yielding improved 

Also included in the term polymer' are blends or strength characteristics; an emulsifying or dispersing 

copolymers of two or more polymeric materials. Illus- 55 agent allows sufficient dissolution of the various ingre- 

trative of such polymers are polyethylene/polypropy- dients in the required carrying agent (frequently water) 

lene, ethylene-acrylic acid-vinylacetate terpolymers and improves compatibility between the various ingre- 

an iL tne ] lke - , . , . dients. In addition, pH adjusters, antistatic agents, wet- 

The glass fiber used ui making the fiber mat is prefera- ting agents and surfactants are also often added to sizing 

bly used m the form of glass fibers or strands or bundles 60 formulations. Ordinarily, organosilicon compounds 

which are at least about 1 J inch to continuous in length. may suitably be employed as coupling agents. For ex- 

The glass may be used in the form of filament, strand, ample, halogenated or non-halogenated vinyl and alkyl 

thread, yarn, roving, non-woven, scrim, and the like. containing, alkylalkoxy, alkenyl, aminoalkyl, aminoalk- 

The strands or fiber comprising the reinforcing mat are oxy, acyloxy, alkenyl acyloxy and similar silanes, their 

-^j- held together either by resinous adhesive binders (ther- 65 hydrolysis products and polymers of the hydrolysis 

^{S mosetting or thermoplastic resins) or by "needling" or products are suitable for such use. Formulations of this 

by the mechanical interaction of the randomly pat- kind and methods of use are known to those skilled in 

terned web-like structure. the art. 
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IJie fourth oonsliiutnt of lire u-ipiovoci iJK'i#su;fj/,* 0 i;c 
sheet materia] herein described in particulate filler. 
Such fillers may be selected from a wide variety of 
minerals, metals, metal oxides, siliceous materials, metal 
salts, and mixtures thereof. These fillers may optionally 5 
be treated with various coupling agents or adhesion 
promoters, as is known to those skilled in the art Ad- 
vantageous physical propeties are achieved if the filler 
materia] has a Young's modulus of 10 7 psi or greater and 
at least a Young's modulus twice as great as that of the 10 
polyamide. Examples of fillers included in these catego- 
ries are alumina, aluminum hydrates, feldspar, asbestos* 
talc, calcium carbonates, clay, carbon black, quatz, 
novaculite and other forms of silica, kaolinite, benton- 
ite, garnet, mica, saponite, beidellite, calcium oxide, 15 
calcium hydroxide, etc. The foregoing recited fillers are 
illustrative only and are not meant to limit the scope of 
fillers that can be utilized in this invention. Adhesion 
promoting agents or coupling agents may, of course, 
also be utilized on the particulate filler phase. 20 

The particulate filler may be added to the molten 
thermoplastic resin before, during, or after the addition 
of the short glass fibers to the resin. Thus, for example, 
filler and resin pellets may be fed to the feed hopper of 
a single screw extruder; the mixture is blended and 25 
conveyed towards the die. Short glass fibers can be 
added to the molten mixture at a vent hole or other such 
opening downstream of the feed hopper, and the mix- 
ture then extruded into pellets, or preferably, directly 
into sheet of the appropriate thickness for lamination 30 
with the glass mat reinforcement. In the extrusion pro- 
cess, the short fibers will emerge oriented randomly in 
the plane of the extruded sheet. 

Other minor additives which may be of value in sheet 
formulations include antistatic agents, plasticizers, lu- 35 
bricants, heat and light stabilizers, or other similar pro- 
cessing aids and adjuvants. 

Each of these four primary constituents performs a 
specific function within the composite material. The 
thermoplastic resin is, of course, the matrix which binds 40 
the other constituents together. As the matrix, the resin 
influences the mechanical and physical properties of the 
composite sheet. If a stamped product having an ex- 
tremely high thermal resistance is required, for exam- 
ple, a nylon or linear polyester would be utilized as the 45 
matrix rather than polyethylene or polypropylene. If an 
extremely high impact resistance was required, for ex- 
ample, an impact resistant styrene copolymer or poly- 
carbonate may be used rather than polystyrene or a 
more brittle linear polyester. 50 

While composites without filler may be formed, the 
most desirable sheets include filler. 

The functions of the particulate filler are: (1) to in- 
crease the modulus and stiffness of the composite sheet 
and (2) to provide a more economical composition. 55 

The functions of the short fiber reinforcement are: (1) 
to increase the sheet stiffness and mechanical strength 
(2) to increase the resin-phase melt viscosity and (3) to 
compensate for the low content of the relatively long 
glass mat reinforcement (4) to allow flow of a rein- 60 
forced plastic mixture into small holes, bosses, ribs, 
apertures, etc., during stamping and (5) to yield an im- 
proved surface in which most short dispersed fibers are 
oriented and lie in the plane of the sheet. The enhanced 
flow into small openings, bosses, ribs, etc., avoids fiber- 65 
resin separation, property non-uniformity due to bridg- 
ing, and improved formability of complex stamped 
parts. In addition to the ability to form relatively nar- 



i o w i.vi\ i \ vi i a: vi i x J; h o.v>js» o <' i -j ■ til i' sck. i cui u< , i \. 1 ' . '> i yc 
of flow or short fibers into such sections, the high melt 
viscosity of the resin-filler-short fiber mixture aids in 
promoting uniformity of properties. Furthermore, be- 
cause of the generally enhanced moldability of the pres- 
ent compositions, longer, thinner and more complex 
configurations or parts can be molded than heretofore 
known. 

The short fibers oriented parallel to the plane of the 
sheet (in distinction to perpendicular to the plane of the 
sheet) result in a smooth surface free of glass mat and 
projecting fiber ends. 

The present invention is more particularly described 
in the following examples which are intended as illustra- 
tive only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

Shaping of the sheet was accomplished in a deep 
drawing press which has a polished steel die-set to pro- 
duce 5-inch diameter cylindrical cups. The temperature 
of the polished steel die set was adjusted by means of 
electric heaters, and was maintained at approximately 
140° C. The steel molds used were highly polished and 
chrome-plated (mirror finished). 

The preheated sheet was transferred to the stamping 
press, and stamped at a pressure of 800 psi maintained 
for 10 seconds. The stamped part was cooled to room 
temperature, maintained at room temperature for 24 
hours, and the flat bottom of the cup was then cut out 
for surface roughness testing. 

EXAMPLE 

Nylon 6 resin is blended with 25% short glass fibers 
and 15% kaolin in extruder 11 and extruded into sheet 
13. A sheet 15 of similar composition is extruded by 
extruder 16. Both are brought together with glass mat 
23 and molten sheet 20 at the nip of laminating rolls 2ta, 
216. The mat 23 is impregnated into sheet 20 to form a 
middle reinforcing sheet comprising 75% nylon and 
25% glass mat. The resulting sandwich is laminated and 
finished in the nip of rolls 21a, 21b and on rolls 29a, 29b. 
The resulting sheet is cut into discrete blanks and 
stored. 

Having described the general nature and specific 
embodiments of the present invention, the following is 
claimed. 

1. A smooth surfaced thermoplastic composite lami- 
nated sheet being essentially free of surface waviness 
and long glass show-through, comprising, in terms of 
percent by weight of each layer: 

(a) at least one layer comprising from about 40 to 70 
percent of a synthetic thermoplastic polymer, a 
particulate filler present in an amount up to a maxi- 
mum of about 50%, and 5 percent to 35 percent 
short glass fibers having a length ranging from 0.01 
to J of an inch and arranged generally parallel to 
the plane of the sheet surface, 

(b) a reinforcing layer adjoining said one layer com- 
prising 60 to 95 percent of synthetic thermoplastic 
polymer, a long glass fiber mat comprised of fibers 
having a length of at least 1.5 inches and having a 
weight ranging from 5 percent to 40 percent, said 
mat being substantially encased in a matrix of the 
thermoplastic polymer, said reinforcing layer being 
essentially free of short glass fibers. 

2. The sheet of claim 1 wherein said one layer com- 
prises 45 to 65% of polymer, 10 to 30% of filler and 5 to 
25% of short glass, said reinforcing layer comprises 60 
to 85% of polymer and 15 to 45% of glass mat. 
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J. ilia sueet oi' claim I including u third layer iiavmg 
composition ranges of said one layer, said one layer and 
said third layer sandwiching said reinforcing layer be- 
tween them. 

4. A process for producing a composite laminated 3 
sheet comprising the steps of: 

(a) blending and extruding a first sheet layer compris- 
ing from about 40 to 70 percent of thermoplastic 
polymer, a particulate filler present in an amount jo 
up to a maximum of about 50% and 5 to 35 percent 
short glass fibers having a length ranging from 0.01 

to i of an inch and arranged in a plane generally 
parallel to the sheet surface, 

(b) polishing same in a polished and gauged roll stack, 15 

(c) blending and extruding a second sheet layer com- 
prising from about 60 to 95 percent of synthetic 
thermoplastic polymer, but being essentially free of 
glass fibers, ^ 

(d) feeding said first sheet, said second sheet and a 
long fiber glass mat, the . fibers of which have a 
length of at least 1.5 inches, into the nip of a set of 
laminating rolls while the resin of the second sheet 

is still in a molten condition, the clearance between 25 
the rolls being substantially less than the thickness 
of the sheets and glass mat being fed to the nip of 
said rolls, whereby the long glass mat is impreg- 
nated into said second sheet and said first and sec- 
ond sheets are laminated into a smooth multi-ply 30 
product. 

5. The process of claim 4 wherein a third sheet having 
the composition ranges of said first sheet is fed into the 
laminating rolls to sandwich and laminate the second 35 
sheet between said first and third sheets. 

6, The composite of claim 2 wherein said first layer is 
at least 30 mils thick and the thickness of the second 



Mi^t is ai least 20 mils per ounce pet square foot of giass 
fiber mat. 

X The process of claim 4 wherein the amount of short 
glass blended in step (a) is from 5 to 35 percent. 

8. The process of claim 7 where the amount of filler 
blended in step (a) is from 10-30 percent. 

9. The process of claim 7 wherein the temperature of 
the second sheet ranges from 10° to 70° C. above the 
melting point of the polymer at the point of introduc- 
tion to the laminating rolls. 

10. A process for producing a composite laminated 
sheet, comprising the steps of: 

(a) Blending and extruding a first sheet layer compris- 
ing from about 40 to 70 percent by weight of a 
thermoplastic resin, about 5 to 35 percent by 
weight of short glass fiber having a length ranging 
from 0.01 to 3 of an inch and arranged in a plane 
generally parallel to the sheet surface, and 10 to 30 
percent by weight of particulate filler; 

(b) polishing same in a polished and gauged roll stack; 

(c) blending and extruding a second thermoplastic 
polymer sheet from a point immediately adjacent 
to the nip of a set of laminating rolls; 

(d) feeding said first sheet and said second sheet and 
a long fiber glass mat, the fibers of which have a 
length of at least 1.5 inches into the nip of said set 
of laminating rolls, said second sheet being at a 
temperature between 30 and 100" C. above the 
melting point of the polymer; the pressure applied 
by said laminating rolls ranging from 150 to 400 
pounds per linear inch and the laminating rolls 
being maintained at a temperature between 10 to 
70° C below the melting point of the polymer, 
whereby the glass mat is impregnated into said 
second sheet and the second sheet is bonded to said 
first sheet; whereby a strong sheet having at least 
one substantially smooth surface is produced. 
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